Background: Childhood adversities are associated with adult health. We hypothesize that exposure to physical and sexual abuse in childhood and adolescence will be associated with incidence of clinically symptomatic uterine leiomyomas (fibroids) through influences on health behaviors and reproductive hormone regulation. Methods: Participants included 68,505 women enrolled in the Nurses' Health Study II, an ongoing prospective cohort study of premenopausal women from 14 US states aged 25-42 years at enrollment (1989), who completed a retrospective questionnaire on childhood violence exposure (2001). A cumulative indicator of severity and chronicity of child/teen violence exposure was derived using factor analysis. We used a Cox proportional-hazards model to estimate the incidence rate ratios (IRRs) and 95% confidence intervals (CIs). Results: During the 728,865 woman-years of follow-up (1989 -2005), 9823 incident diagnoses of ultrasound-or hysterectomyconfirmed uterine leiomyomas were reported; 65% reported any physical or sexual abuse. A dose-response association between cumulative abuse and fibroid risk was found. Compared with those who reported no abuse, multivariable IRRs for ultrasound or hysterectomy-confirmed uterine leiomyomas were 1.08 (95% CI ϭ 1.03-1.13), 1.17 (1.10 -1.24), 1.23 (1.14 -1.33), 1.24 (1.10 -1.39), and 1.36 (1.18 -1.54), for cumulative exposures ranging from mildest to most severe. Increased emotional support in childhood also attenuated associations.
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A growing body of evidence indicates an association between early life social adversities and adult health. Physical, sexual, and emotional abuse in childhood has been associated with increased mortality and morbidity in adulthood, and poor health behaviors.
14 The "allostatic-load" hypothesis postulates that chronic social stressors may adversely affect the physiologic systems responsible for maintaining homeostasis and thereby negatively influence health over time. 15 Research in animal and human models demonstrates that severe stress in early life is associated with altered regulation of the hypothalamic pituitary-adrenal axis and autonomic-stress response that persists even into adulthood. 16 Chronic psychologic stressors contribute to functional changes in neural, endocrine, and immune processes, as well as emotional and behavioral responses. 17, 18 Population-based studies have demonstrated a relation between physical and sexual abuse in childhood and both earlier age at menarche 19, 20 and elevated BMI and obesity 21 -factors which are also associated with fibroid risk. 8 However, the impact of child abuse on fibroid risk has not been investigated.
Although the etiology of uterine leiomyomas is not completely understood, overproduction and accumulation of extracellular matrix and resulting fibrous tissue development are hallmark features. 22 Evidence exists that this pathogenesis is influenced by hemodynamic stress, proinflammatory cytokines, impaired repair of injured tissue, and hormonal dysregulation including hyperinsulinemia and glucocorticoid stimulation [22] [23] [24] -processes that may be vulnerable to stresselicited disruptions. 17 While studies document associations between exposure to violence and gynecologic health-including dysmenorrhea, sexually transmitted infections, and chronic pelvic pain-findings are mixed. 25, 26 One cross-sectional survey found a significant association between intimate partner violence and hysterectomy, 26 but a case-control study exploring multiple health outcomes did not find an association between such violence and fibroids. 27 These studies of small clinic-based samples are limited in statistical power and generalizability.
Provision of emotionally supportive relationships with parents or caretakers is associated with children's enhanced problem solving, emotion regulation, mental health, and fewer health risk behaviors. 28, 29 Moreover, research indicates that parental emotional support is protective against the potential negative impacts of victimization on health and development. 28 Several studies have established a link between limited social support, insecure attachment, and hypothalamic pituitary-adrenal axis dysregulation. 30 Emotional support may enhance biologic resilience in the face of childhood adversities and thereby buffer the impact of chronic psychologic stress and modify risk for fibroids.
The aims of this study were to examine relationships between physical and sexual abuse occurring in childhood or adolescence and risk for uterine fibroids in adulthood. We hypothesized that the chronicity and severity of abuse in early life would have a graded association with fibroid risk in adult women. We also hypothesized that positive emotional support in childhood would buffer the impact of abuse on fibroid risk. Uniquely, this study uses a national sample of premenopausal women from throughout the United States.
METHODS

Study Population
The sample was recruited from the Nurse's Health Study II, an ongoing prospective cohort study designed to explore factors that influence morbidity and mortality among women. This study began in September 1989 with a sample of 116,678 registered female nurses aged [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] The study population for this analysis was restricted to women who were premenopausal, with intact uteri in 1989 and who responded to the 2001 violence survey. Women were excluded if they had the following conditions: history of leiomyoma prior to September 1989 (n ϭ 3406), unknown date of leiomyoma diagnosis (n ϭ 65), reported diagnosis of any cancer other than nonmelanoma skin cancer (n ϭ 591), were postmenopausal (n ϭ 1315), had a hysterectomy (n ϭ 1700), had no information on exposure to violence during childhood (n ϭ 463) or childhood emotional support (n ϭ 18), or unclear menopausal status (n ϭ 332). After the exclusions, 60,615 women remained for analysis.
Measures
Assessment of the Outcome
Leiomyoma was self-reported as "ever uterine fibroids (yes/no)," with indication of the method of confirmation (pelvic examination, ultrasound, or hysterectomy), on each biennial questionnaire since 1993; the interval date of diagnosis was also ascertained on the 1993 survey (before 9/89, 9/89 -5/91, 6/91-5/93, 6/93 or later). The diagnosis date was set to the midpoint of the reported diagnosis interval for closed interval periods. For prospectively open-ended intervals, the date was assigned to the midpoint of the interval start and the questionnaire return date. For retrospectively open-ended intervals, the date of diagnosis was set to the end date of the interval. Therefore, we are measuring the incidence of first diagnosis by ultrasound or hysterectomy, rather than incidence of onset of fibroid tumor, which cannot be ascertained. Time at risk was defined as the number of months between the return of the 1989 questionnaire and May 2005, death, onset of menopause, diagnosis of cancer, or date of fibroid diagnosis (whichever came first). Women who reported a new diagnosis confirmed by pelvic examination alone were not allowed to contribute person-time during the reported interval but were allowed to re-enter the analysis at a later date if they had a hysterectomy or ultrasound confirmation. If a participant reported both a hysterectomy and a fibroid diagnosis confirmed by ultrasound or hysterectomy in the same time interval, the diagnosis was further classified as hysterectomy-confirmed.
Marshall et al approached 243 Nurses Health Study II participants who reported fibroids on the 1993 questionnaire (100 white and 143 black women) to participate in a validation study. Among the 130 women who allowed their medical records to be released, 116 records were obtained and the self-report was confirmed by medical records in 108 (92% of black and 94% of white participants).
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Assessment of Childhood and Adolescent Exposure to Violence
Childhood and adolescent exposures to abuse were measured using items from the Childhood Trauma Questionnaire short form, 31 the Revised Conflict Tactics Scale, 32 and the Sexual Experience Survey. 33 Adult emotional, physical, and sexual abuse by an intimate partner was measured using questions adapted from the McFarlane Abuse Assessment Screen. 
Childhood Trauma Questionnaire
Exposure to physical, emotional, and verbal abuse in childhood (prior to age 11) was assessed using items from the Childhood Trauma Questionnaire short form. 31 We included a 3-item subscale on physical abuse (eg, "People in my family hit me so hard that it left me with bruises and marks," "The punishments I received seemed cruel," and "I was punished with a belt, a board, a cord, or some other hard object") and 2 items on emotional abuse (eg, "People in my family said hurtful or insulting things to me" and "yelled and screamed at me"). A single item was included to assess social support, "There was someone in my family who helped me feel that I was important or special." All items are rated on a 5-point Likert scale according to frequency (1 ϭ never, 2 ϭ rarely, 3 ϭ sometimes, 4 ϭ often, or 5 ϭ very often), and a total score was derived by summing across items. The internal consistency/reliability of the summed Child Trauma Questionnaire score was high (Cronbach alpha ϭ 0.88), excluding the theoretically distinct question on emotional support. The Child Trauma Questionnaire score was modeled as quartiles, and emotional support was explored independently as a dichotomous (very often/often and sometimes/ rarely/never) variable.
Sexual and Physical Abuse
Five items from the Revised Conflict Tactics Scale instrument were used to assess exposure to physical abuse by a parent, step-parent, or adult guardian. 32 Respondents were queried about specific types of abuse for childhood (prior to age 11) and adolescence (11-17 years), including: physical attack, choke or burn, kick bite or punch, push or grab, and being hit with something that hurt; the frequency of each type of abuse was indicated on a 4 point scale (never, once, a few times, more than a few times). Questions on forced sexual experiences were modified from questions on the Sexual Experiences Survey. 33 Participants rated the frequency of the following exposures on a 3-point scale (never, once, more than once): "were you ever touched in a sexual way" or "forced into any sexual activity" by an adult or an older child, separately for childhood and adolescence. Subjects also reported whether their parent(s) or guardians spanked them for discipline (up to age 11).
To capture a latent construct-cumulative violence exposure, which incorporates both chronicity and severity-we used a principle components factor analysis methodology with oblique (promax) rotation (eTable 1, http://links.lww.com/EDE/A442). We collapsed the highest exposure categories for physical violence into a single category so all variables had only 3 possible responses. The number of components retained was based on scree plots, and, using the Kaiser criteria, we retained all factors with an eigenvalue Ͼ1. 35 Items with factor loadings Ͼ0.45 were assigned to the factor for which they had the greatest loading. This resulted in a 2-factor solution representing the domains of physical and sexual abuse. Internal consistency/reliability for each of the abuse factors was determined by Cronbach alpha, and all factors were adequate (Ն0.70). The item related to spanking for discipline did not load on either of the abuse factors. Next, we evaluated the population frequency distribution of each type of violence and number of events of each type of violence within the 2 factors separately. Categories that classify violence exposure by severity and chronicity were based on the factor analysis and frequency trends within each factor (eTable 2, http://links.lww.com/EDE/A442).
Statistical Analyses
Descriptive analyses were conducted to explore the relationship between the demographic variables and violence exposure categories, using frequency distributions for categorical and t-tests for continuous variables. In all analyses the referent group includes those who reported no violence in childhood or adolescence. Those who reported only exposure to spanking for discipline were included in the referent group, because spanking was considered to be theoretically and empirically (as measured by the factor analysis) distinct from abuse.
Person-months of follow-up were counted from the date of return of the 1989 questionnaire until the date of return of the 2005 questionnaire. Person-months of follow-up were assigned to groups according to baseline exposure status. The incidence rates of fibroids, confirmed by ultrasound or hysterectomy, for specific violence exposure categories were computed by dividing the number of events by the person-time at risk in that category.
Multivariable Cox proportional hazards regression models with time-varying covariates (including age, BMI, age at first birth, parity) were used to estimate incidence rate ratios while controlling for multiple risk factors using the SAS PROC PHREG procedure (SAS Institute, 1991). All analyses controlled for confounders, including: age (months), time period (months), race/ethnicity (Asian, Black, Latina, White, Other), and socioeconomic status in childhood (SES). Childhood SES was available for a subset of our sample, as 30,562 mothers of Nurses Health Study II participants who were included in these analyses had participated in the 2001 Maternal Cohort Study and responded to a mailed question-naire that ascertained information on educational level of mother and father. We modeled highest parental educational attainment at participants' birth as a trichotomous variableless than a high school diploma, high school diploma, advanced education. Known risk factors for leiomyoma, that were also previously associated with childhood violence, were explored as mediators including: parity (1, 2, Ն3 pregnancies of Ͼ6 months' duration); age of menarche (Յ10, 11, 12, 13, 14,15,16, Ն17 years of age); age of first oral contraceptive use (never, 13-16, 17-20, 21-24 years); BMI (continuous measure in kg/m 2 ); diastolic blood pressure (continuous measure in mm Hg); age of first birth (Յ22, 23-25, Ն25 years); time since last birth (1-7, 8 -15, Ն16 years); age of first oral contraceptive use (never, 13-16, 17-20, 21-24, Ն25 years); history of infertility (yes, no); menstrual irregularity (regular, somewhat irregular or 21-30-day cycle, very irregular Ͼ40 day cycle). Indicators were used to model those with missing information. We repeated analyses excluding all those with incomplete information on covariates, with the exception of parental education because this variable was available only for a subset of our cohort, and we found no appreciable difference in effect estimates. We also repeated analyses including an indicator for routine gynecologic surveillance, ie, annual breast or pelvic examination. Women's responses were assessed as no, yes for screening, yes for symptoms, and missing; for analysis purposes, this variable was dichotomized as annual screening yes/no.
RESULTS
Frequencies of childhood and adolescence abuse exposures are reported in Table 1 . Overall, 65% of women in the cohort reported 1 or more abuse exposures during childhood or adolescence, and 48% reported abuse that started in childhood (up to age 11). Specifically, 53% (n ϭ 32,054) reported child/teen physical abuse and 33% (n ϭ 19,854) reported child/teen sexual abuse (22% reported inappropriate sexual touching only, and 11% reported forced sexual activity). Approximately 21% of the cohort experienced both physical and sexual abuse prior to adulthood. Table 2 demonstrates the age-adjusted distribution of potential leiomyoma risk factors by exposure to violence. Several potential risk factors for leiomyomas were at least modestly increased among women who had experienced abuse; these included higher BMI, blood pressure, and risk of hypertension, as well as younger age at menarche (Յ11 years) and first birth (Յ24 years). Women with a history of abuse were also more likely to have used oral contraceptives before age 17 years.
During the 728,826 woman-years of follow-up, 9823 incident cases of uterine leiomyomata confirmed by ultrasound or hysterectomy were reported. In comparison with those who reported no history of exposure to violence in childhood or adolescence, the IRR for the 4 measures of childhood abuse exposure were greater than 1.0. Both physical and sexual abuse history were positively associated with a higher incidence of uterine leiomyomas. A graded association between cumulative abuse exposure and adjusted IRR of leiomyoma was demonstrated (Table 3 ). Those exposed to severe chronic and multiple types of abuse had a higher incidence of leiomyoma (multivariable IRR ϭ 1.36 ͓95% CI ϭ 1.18 -1.54͔), Results were similar when we repeated our analyses using the Child Trauma Questionnaire score for childhood abuse and using the physical and sexual violence severity measure (Table 3) .
Having a consistent (very often or always) emotionally supportive relationship in childhood was protective when included as a covariate in our multivariate model of cumulative violence predicting leiomyoma (IRR ϭ 0.95 ͓0.91-1.00͔). In stratified analyses, a similar dose-response pattern between cumulative early life violence and risk of incident fibroids was present among those with and without positive support in childhood (eTable 3, http://links.lww.com/EDE/A442). However, Finally, violence in adulthood was not associated with leiomyomas among those who were not exposed to abuse in childhood or adolescence (0.98 ͓0.84 -1.14͔), but was modestly associated with fibroids among those exposed to childhood abuse (1.08 ͓1.04 -1.14͔). Nonetheless, formal assessment of heterogeneity does not provide evidence that these estimates are statistically distinct (test for interaction, P ϭ 0.24). We did an analysis among the subset of the population who had not had a diagnosis of fibroids at the time of the violence questionnaire (2001) to investigate fibroid risk prospectively and found a similar graded association with violence severity and chronicity (eTable 4, http://links.lww.com/EDE/A442).
We also performed sensitivity analyses to assess the impact of seeking medical care on the relation between child abuse and leiomyoma risk. We found no attenuation of the impact of early life violence on risk for incident myomas when controlling for history of annual breast or pelvic exams (results not shown), although history of annual breast or pelvic examination was a predictor of leiomyoma diagnosis (1.17 ͓1.08 -1.26͔). We also restricted our sample to those reporting having had a pelvic examination and found no difference in our results.
DISCUSSION
Our analyses show a graded association between earlylife exposure to physical, sexual, and emotional abuse and leiomyoma risk. Moreover, cumulative exposure, severity of Age; mean (SD) 34 (5) 34 (5) 34 (5) 34 (5) 35 (5) 35 (4) BMI (kg/m 2 ); mean (SD) 24 (5) 24 (5) 24 (5) 24 (5) 25 (5) 25 (6) Hypertension (%) 4084 (19) 4501 (20) 2038 (22) 1024 (22) 460 (26) (6) 2634 (12) 1599 (17) 1171 (26) 1201 (30) (23) 5843 (26) 2694 (29) 1453 (32) 616 (35) 418 (38) Time since last birth (months); mean (SD)
70 (58) 71 (59) 75 (61) 78 (62) 83 (65) 88 (66) History of infertility 3579 (17) 3983 (18) 1603 (17) 837 (18) 353 (20) 233 (21) Oral contraceptive use Current 3114 (14) 2985 (13) 1188 (13) 559 (12) 202 (12) 121 (12) Never 3962 (19) 3868 (17) 1327 (15) 636 (14) 223 (13) 137 (13) First use age 13-16 years 775 (3.6) 1059 (4.7) 591 (6.5) 361 (7.9) 169 (10) 120 (11) Ͼ40-day menstrual cycle 1567 (7) 1567 (7) 676 (7) 324 (7) 137 (8) abuse, and duration of exposure were all associated with leiomyoma risk in a dose-response pattern. The relation was only modestly attenuated by adjustment for a number of confounders as well as putative intermediate variables, including age of menarche, age of first birth, age of first oral contraceptive use, BMI, and diastolic blood pressure. Having an emotionally supportive relationship in childhood further modified the strength of the association between child/teen abuse and leiomyoma risk.
Guided by the allostatic-load model, which postulates that chronic stress affects physiologic systems that maintain homeostasis, 15 a number of plausible pathways through which exposure to violence may influence fibroid risk have been posited. First, chronic violence may alter hypothalamicpituitary-adrenal and -gonadal axes functioning, thereby influencing bioavailability of estrogens and increasing risk for fibroid development. Experiences of violence have been associated with earlier onset of puberty, 20,36 altered hypothalamic-pituitary axis function in young women, 16, 37, 38 and earlier onset of perimenopause in older women. 39 Animal and human studies have documented an association between deficient nurturing and hypothalamic-pituitary dysregulation. 30, 40, 41 Consistent with prior studies, women in this sample who experienced violence had earlier menarche 20, 36 and age of first pregnancy 42, 43 -both factors that are also associated with fibroid risk. 44 Adjustment for these variables modestly attenuated the associations between abuse and fibroid risk. It is plausible that exposure to violence in early life may affect fibroid risk in part by influencing ovarian function. Elevated systolic and diastolic blood pressure has been associated with fibroid risk in this cohort and others. 24, 45 Empirical evidence from cross-sectional studies demonstrates an association between stress and increased blood pressure. 46 In this cohort, self-reported blood pressure and physiciandiagnosed hypertension were higher among women reporting a history of childhood or adolescent abuse, 47 and inconsistent findings have been revealed among those with intimate partner violence. 26, 27 In our analysis, adjustment for blood pressure somewhat dampened the association of abuse with fibroids. Future investigation is needed to more definitively explore this as a potential mechanism.
Another potential pathway between violence and fibroid risk may be via elevated BMI. Exposure to violence in childhood has been linked to BMI, obesity, 14, 21 and disordered eating patterns. 48, 49 We also found higher adult BMI among women with abuse histories. Although findings are mixed, some epidemiologic studies have demonstrated an association between BMI and fibroid risk. [5] [6] [7] Insulin has been shown to stimulate leiomyoma cell growth in tissue culture 50 and promote cellular mitosis, 51 and may directly increase fibroid risk, although findings in cohort and case-control studies are mixed. [52] [53] [54] Alternatively, insulin may indirectly elevate risk through its impact on the sympathetic nervous system, increasing vascular tone and elevating blood pressure, or by increasing circulation of ovarian hormones (estrogen) by stimulating insulin receptors or endothelial growth factors. However, in our study, adjustment for BMI and blood pressure only slightly attenuated the association between abuse and risk of fibroids by 3% in the highest cumulative abuse category.
Women with a history of violence exposure may be more likely to use medical care or seek more intensive investigation of medical problems. 25, 55 Annual breast or pelvic examination may be an intermediate variable (a proxy measure of gynecologic health surveillance). While there is evidence that abuse history is associated with chronic pelvic pain 56 and may indeed elevate gynecologic screening, there is also evidence that those with a history of abuse, particularly sexual abuse, may have difficulty with pelvic examinations and be reluctant to undergo screening. 57 If so, then differential detection of fibroids by ultrasound or hysterectomy may occur. However, when controlling for annual breast or pelvic examination in the multivariate model, the relation between exposure to violence and fibroid risk was not attenuated.
Research evidence suggests that supportive relationships are protective against the potential negative impacts of victimization on health and development. 40 Our results support a general trend of a supportive relationship in childhood buffering the impact of abuse on fibroid risk in adulthood.
There are also important limitations. The study is based on retrospective report of violence exposure. Notably, our sensitivity analysis of incident cases after violence exposure report yielded similar results. Survivors of childhood abuse may be less able to recall traumatic events accurately, 59 or may be more likely to report inaccurately due to social pressures. 60 However, self-report measures of child maltreatment have demonstrated strong validity. 60 If present in our sample, such under-reporting is most likely to have caused underestimation of the association between abuse and fibroids. On the other hand, if women with fibroids are more likely to recall more negative childhood experiences, or appraise early childhood events as abusive, then we might have over-estimated associations of abuse with fibroid risk. However, it seems unlikely that presence of fibroids would affect recall or appraisal of abuse to any meaningful extent. Use of the Child Trauma Questionnaire which asks about discrete and objective events (rather than one's perception of having been abused) is less prone to inaccurate recall. 61 Additionally, the reported rates of child abuse exposure are consistent with rates reported in national surveys and with retrospective self-report of childhood violence in adulthood. 62, 63 It is also possible that early-life violence is correlated with other unmeasured factors related to reproductive health in adulthood. Hypothetically, early development of secondary sexual characteristics-which may increase fibroid risk through enhanced sex hormone exposure-may be associated with risk for childhood sexual abuse. 64 Also, childhood adversities tend to co-occur.
14 Children in families with neglect, parental substance abuse, marital violence, and housing insecurity are also more likely to experience victimization in childhood. 65 Chronicity, duration, and frequency of sexual abuse has been associated with multiple forms of household dysfunction and neglect in a graded fashion. 65 Lower childhood SES is associated with heightened risk for abuse 66 and poor health outcomes, 67 although our analyses control for parental education. Social stressors have been associated with timing of sexual maturation. 19 Therefore if early life abuse is associated with other childhood adversities, the association between violence and fibroids may be driven by cumulative impact of social stressors.
In summary, exposure to physical, sexual, or emotional abuse in childhood and adolescence was associated with an increased risk for clinically symptomatic fibroid tumors in adulthood. The impact of early life adversity on fibroid risk persisted even among those with no future violence exposure in adulthood. Early life exposure to violence may underpin biologic and behavioral patterns that affect fibroid risk in adulthood. While our study is partially prospective, a prospective study with repeated measures of violence and screening for fibroids may yield a more comprehensive view of how the biologic and behavioral consequences of social stress contribute to the etiology, prevalence, or clinical severity of this far-too-common condition.
